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Yoshio Shimura* : Studies on the spores of Athyrium 
multifidum and esteemed hybrid-origin of the species 

iU U ^ ffi*: A * h A '> ct 

As regards the shape of spores of Athyrium multifidum, the previous report 
was made by T. Kawasaki 2 ) and as regards the esteemed hybrid-origin of this 
species, another report was made by S. Kurata. 4 ) In order to reinvestigate the 
shape and the surface of the spores which are dealt with in Kawasaki’s paper 
and in order to conjecture the origin of this species from the morphology and 
development of the spores, I have carried out the observations and experiments 
for the last few years. I am grateful to Mr. Kurita at Chiba University for 
his help and advice. I am also thankful to Mr. K. Torii at Sinsiro City, for 
his kindness in providing me with the material. 

Materials asad methods As a control of the study, I used Athyrium 
deltoidofrons of which the shape, colour and the formation of the spores are 
already known. Because, it is generally said that A. multifidum have some 
affinity with A. deltoidofrons . 

A. multifidum under my study was collected from the following districts: 
(Locality, A) Inokasira, Fujinomiya City, Suruga Prov. (June 25, 1960 and June 
21, ’63); (Loc., B) Kamihirase Tamagawa-mura, Suruga Prov. (Aug. 31, 1957, 
June 28, ’60, July 4, ’62 and July 12, ’63); and (Loc., C) Mt. Dando, Mikawa 
Prov. (Sept. 19, 1960). 

The fern of Loc. A has been transplanted to Oiwa, Shizuoka City since 
1960, the ferns of Loc. B have been transplanted to the same place since 1957 
and the fern of Loc. C has been transplanted to Nisisinmati, Sinsiro City, 
Mikawa Prov. by K. Torii since 1958. As to the ferns that were transplanted 
Shizuoka City, the mature time of their sporangia was observed from June to 
November in each year. 

The spores of A. deltoidofrons were collected from Loc. : A, B, C and also 
from Kurata, Fujieda City, Suruga Prov. . 

These spores belonging two species were collected by the following method. 
Some pinnae with mature sporangia were placed on white sheet of paper of 
good quality. After 24 hours, I removed the pinnae leaving spores on the paper. 
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They were sorted using the faint breeze. Germinating medium for these spores 
was Meyer’s solution containing 8 % of agar. In every experiment, four Petri 
dishes (9 cm in diameter) were prepared. The spores were sowed in the dishes 
which contains 20 cc of the medium, within a week after their collection. These 
dishes were placed on a table in the laboratory under the diffused light. The 
temperature in the laboratory was recorded by the thermograph. 

The rate of germinated spores was as follows: After two weeks or one 
month after sowing, 500 spores per one dish were counted by the method of 
unintentional action. Thus, the average germinating rates of these spores were 
obtained out of the total germinating rates that are found from the four dishes. 
These experiments were carried out during the period from June to August. 
Some cytological observations of the spores of A. multifidum were made through 
the assistance of Mr. S. Kurita. 

Results (1) The spores of A. multifidum 

The mature time of the sporangia begins about in the middle of June. 
The fertile fronds produce a large number of sorus, but the sporangia which 
contain the spores are very scarce. Therefore, the collection of the spores is 
always very difficult. Some of sporangia contain 16 spore mother cells (Photo. 
1) and both in a anaphase and a telophase of their meiosis, some univalent 
chromosomes and some bivalent chromosomes were observed (Photo. 2). These 
sixteen spore mother cells in a sporangium seem to give rise to 16 spores 
(Photos. 3, 4). Some of the spores are nearly spherically reniform in shape and 
others are irregular, they are various in size (Photos. 5, 6, 7). Some of them 
range from 60 [Jt to 70in diameter and their surface is covered with many 
little warts (Photo. 6). The exospore seems to be rather hard. The colour of 
the most spores is deep orange. The germinating rate of the spores ranges only 

Tab. 1. Germinating rates of spores of A. multifidum 

Date of Date of Date of Germinating Temperature Locality of 

collection sowing count rate (%) (C°) collection 

June 23, ’63 June 25, ’63 July 24, ’63 

June 22, ’63 June 24, ’63 July 24, ’63 

July 12, ’63 July 17, ’63 Aug. 17, ’63 


24°-32° 


naoitat 
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from 1 % to 8 % (Tab. 1). In this experiment, some of large and spherical 
reniform spores germinated. Several of them developed into prothallia. 

(2) The spores of A. deltoidofrons 

The mature time of the sporangia begins early in June. Kurita 3 ) reports 
that the formation of the spore is normal and Kawasaki 2 ) also reports that the 
spores are reniform-ellipsoid in shape, their surface is covered with little warts 
and their colour is orange. The fertile fronds from many mature sporangia 
and the collection of the spore is very easy. The spores are generally 57 y 
in long diameter and are also 35 y in short diameter. The germinating rate of 
the spore is always more than 91 % according to the same experimental method 
(Tab. 2). 


Tab. 2. Germinating rates of spores of A. deltoidofrons 


Date of 

Date of 

Date of Germinating 

Temperature 

Locality 

collection 

sowing 

count rate (%) 

(C°) 

July 12, ’63 

July 17, ’63 

Aug. 17, ’63 93 

24°-32° B1 

(natural \ 

^ habitat/ 

July 10, ’62 

July 28, ’62 

July 28,’62 91 

24°-31° Al 

(natural \ 

i, habitat/ 


Discussion According to Kawasaki 2 ) spores of A. multifidum are reniform- 
ellipsoid in shape and have no protuberance on their surface. However, my 
observation is different from Kawasaki’s report. Actually, most of the spores 
is almost spherical-reniform including some irregular ones. In addition to this, 
they are various in size. Their surface is covered with many little warts. The 
irregularity and variability in size and shape of spores and the formation of 
aborted sporangia seem to have some connection with abnormal meiosis, pre¬ 
sumably pseudomitosis. These specialities may be said to characterize the species. 

The spores of A. multifidum are variable in size, but in general larger than 
those of A. deltoidofrofis (Photos. 1, 3, 8), while the spores of A. deltoidofrons 
are smaller and uniformly reniform-ellipsoid (Photo. 8). It is very easy to 
discriminate these two species from the morphological stand point of spores. 
The rate of germinating spores of A. multifidum is very small, but the fertile 
spores to normal prothallia. 

Tagawa 1 ) and Kurata 4 ) reported that the fronds of A. multifidum seem to 
be intermediate between A. deltoidofrons and A. vidalii. Thus, Kurata has 
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pointed out that A. multijidum was derived from the hybrid of these two 
species. The theory of hybrid-origin of A. multijidum is also explained from 
my study on spores morphology. That is: (1) Some of the spores are nearly 

spherical-reniform and others are irregular. (2) They are various in size and 
some of them are remarkably large. (3) A large number of sporangia are im¬ 
mature with a few exceptions. (4) Sixteen spore mother cells are contained in 
some sporangia and they seem to give rise to 16 spores. (5) The meiosis is 
abnormal. (6) The germinating rate of the spore is very small. The most 
spores are sterile. (7) The spores are abnormal. 
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Explanation of photos 

1. Sixteen spore mother cells which are pulled out of a sporangium of A. 
multijidum. (Loc. A. cultivated, photographed b yKurita.) 2. Anaphase of the 
first meiosis of the same species. Univalent chromosomes left on the equatorial 
plate. (Loc. A, cultivated, photographed by Kurita.) 3. Sixteenspores which 
are pulled out of a sporangium of the same species, another sporangium is 
sterile. (Loc. A, cultivated, photographed by Kurita.) 4. Shown spores in 
a sporangium of A. multijidum. X 400. Notice the shape, the size and number 
of the spore. (Loc. A, cultivated.) 5. Spores of A. multijidum. X 300. 

Spherical reniform and irregular in shape, various in size. (Loc. B, natural 
habitat.) 6. Two large spores of the same species. X 600. (Loc. B, natural 
habitat.) 7. Spores of A. multijidum. X 300. (Loc. C, cultivated.) 8. 
Spores of A. deltoidofrons. X 300. (Loc. B, natural habitat.) 
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